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,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQDQG&RPPXQLFDWLRQ7HFKQRORJLHV,&,&7
8VHRI*UDGLHQW7HFKQLTXHIRUH[WUDFWLQJIHDWXUHVIURP+DQGZULWWHQ
*XUPXNKL&KDUDFWHUVDQG1XPHUDOV
$VKXWRVK$JJDUZDOD.DUDPMHHW6LQJKE.DPDOSUHHW6LQJKF
D'HSDUWPHQWRI&RPSXWHU6FLHQFH	(QJJ.KDOVD&ROOHJHRI(QJJDQG7HFKQRORJ\$PULWVDU,QGLD
E'HSDUWPHQWRI&RPSXWHU6FLHQFH	(QJJ5D\DW	%KDUD&ROOHJHRI(QJJ	%LRWHFKQRORJ\IRU:RPHQ0RKDOL,QGLD
F'HSDUWPHQWRI&RPSXWHU6FLHQFH	(QJJ/RYHO\3URIHVVLRQDO8QLYHUVLW\-DODQGKDU,QGLD
Abstract 
,QWKLVPDQXVFULSWDUHFRJQLWLRQV\VWHPIRURIIOLQHKDQGZULWWHQ*XUPXNKLFKDUDFWHUVDQGQXPHUDOVXVLQJJUDGLHQWLQIRUPDWLRQDV
PRGHRIIHDWXUHH[WUDFWLRQ WHFKQLTXHLVSURSRVHG7ZRZD\VRIH[WUDFWLQJIHDWXUHVXVLQJJUDGLHQW LQIRUPDWLRQDUHH[SODLQHG LQ
WKLVSDSHU%RWKPHWKRGVRSHUDWHE\DFFXPXODWLQJJUDGLHQW LQIRUPDWLRQIURPDQ LPDJHE\GLYLGLQJ LW LQWR VXELPDJHVEORFNV
DQG ILQDOO\ FRQFDWHQDWLQJ WKH REWDLQHG JUDGLHQW IHDWXUHV REWDLQHG IURP HDFK EORFN WR IRUP D YHFWRU RI IHDWXUH YDOXHV ZLWK
GLPHQVLRQDOLW\7KHHIILFLHQF\RIWKLVIHDWXUHYHFWRULVWHVWHGRQWZRVHSDUDWHKDQGZULWWHQGDWDEDVHVRI*XUPXNKLFKDUDFWHUV
DQG*XUPXNKLQXPHUDOVFRQWDLQLQJ	VDPSOHELQDU\LPDJHVUHVSHFWLYHO\5HFRJQLWLRQUDWHVRIIRUGDWDEDVHRI
*XUPXNKLFKDUDFWHUVDQGIRU*XUPXNKLQXPHUDOVDUHREWDLQHG:RUNKDVDOVREHHQH[WHQGHGWRWHVWWKHHIIHFWLYHQHVVRI
WKH*UDGLHQWIHDWXUHH[WUDFWLRQWHFKQLTXHRQGDWDVHWRI*XUPXNKLFKDUDFWHUVDQGQXPHUDOVFRPELQHGWRJHWKHU
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQDQG&RPPXQLFDWLRQ
7HFKQRORJLHV,&,&7
.H\ZRUGV+DQGZULWWHQ*XUPXNKL6FULSW5HFRJQLWLRQ,QGLDQ6FULSW5HFRJQLWLRQ*UDGLHQW)HDWXUHV3DWWHUQ5HFRJQLWLRQ2&5
1. Introduction 
,QGLDLVDPXOWLOLQJXDOQDWLRQ0XOWLSOHVFULSWVDUHXVHGDPRQJGLIIHUHQWJURXSVRISHRSOHPDLQO\EDVHGRQWKHLU
JHRJUDSKLF ORFDWLRQ *XUPXNKL VFULSW LV DPRQJ PDQ\ RI WKHVH VFULSWV ZKLFK LV YHU\ SRSXODU DQG ZLGHO\ XVHG


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVHUDVKXWRVKDJJDUZDO#JPDLOFRP
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the International Conference on Information and Communication 
Technologies (ICICT 2014)
1717 Ashutosh Aggarwal et al. /  Procedia Computer Science  46 ( 2015 )  1716 – 1723 
HVSHFLDOO\LQWKH1RUWKHUQUHJLRQRI,QGLD6RWKHUHLVDQXUJHQWQHHGWRGHYHORSDUHFRJQLWLRQV\VWHPIRU*XUPXNKL
VFULSWWKDWZRXOGHDVHWKHFRPSOH[LW\RIZRUNWREHGRQHLQJRYHUQPHQWRIILFHVRULQSXEOLFEDQNVLQUHJLRQVZKHUH
WKHPDMRULW\ RI WKH ZRUN LV GRQH LQ *XUPXNKL ,Q WKLV SDSHU DQ HIIRUW KDV EHHQPDGH WR GHYHORS DQ DXWRPDWHG
V\VWHP IRU UHFRJQLWLRQ RI KDQGZULWWHQ *XUPXNKL FKDUDFWHUV DQG QXPHUDOV XVLQJ JUDGLHQW LQIRUPDWLRQ 9DULRXV
DWWHPSWVKDYHEHHQPDGHLQSDVWWRUHFRJQL]HWKHKDQGZULWWHQ*XUPXNKLFKDUDFWHUVDQGQXPHUDOV-KDMMDQG6KDUPD
GLYLGHGWKHLPDJHLQWR]RQHVDQGFRPELQHGWKH]RQLQJGHQVLWLHVFDOFXODWHGIURPHDFKRIWKRVH]RQHVWRIRUPD
IHDWXUHYHFWRUIRUDQHQWLUHLPDJH-DLQDQG6KDUPDXVHGQHRFRJQLWURQ$11IRUIHDWXUHH[WUDFWLRQDQGFODVVLILFDWLRQ
E\ FRPSXWLQJ KRUL]RQWDO DQG YHUWLFDO SURILOHV DQG VWRULQJ WKH KHLJKW DQGZLGWK RI HDFK FKDUDFWHU XQGHU SURFHVV
6LGGDUWK HW DO XVHG FRPELQDWLRQ RI ]RQLQJ IHDWXUHV VWDWLVWLFDO IHDWXUHV DQG EDFNJURXQG GLUHFWLRQDO GLVWULEXWLRQ
%''IHDWXUHVIRUWKHUHFRJQLWLRQRI*XUPXNKLFKDUDFWHUVDQGWKHUHFRJQLWLRQDFFXUDF\RIZDVUHSRUWHG
6LGGKDUWK HW DO KDYH SURSRVHG UHFRJQLWLRQ RI KDQGZULWWHQ*XUPXNKL QXPHUDO XVLQJ WKUHH GLIIHUHQW IHDWXUH VHWV
7KH\XVHGWKHIHDWXUHVEDVHGRQILUVWGLVWDQWSURILOLQJKDYLQJIHDWXUHVVHFRQGSURMHFWLRQKLVWRJUDPKDYLQJ
IHDWXUHVDQGWKLUG]RQDOGHQVLW\DQGEDFNJURXQGGLUHFWLRQDOGLVWULEXWLRQ%''IRUPLQJIHDWXUHV7KH\
DFKLHYHG UHFRJQLWLRQ DFFXUDF\ RI   DQG  UHVSHFWLYHO\ XVLQJ WKH GDWDVHW RI  *XUPXNKL
QXPHUDOV6LQJKHWDOKDYHUHFRJQL]HG*XUPXNKLFKDUDFWHUVDQG*XUPXNKLQXPHUDOVXVLQJ*DERUILOWHUV\LHOGLQJ
UHFRJQLWLRQUDWHVRIDQGUHVSHFWLYHO\2WKHUDSSURDFKHVIRUUHFRJQLWLRQRI*XUPXNKL6FULSWFDQEH
IRXQGLQ
,QRXUSURSRVHGDSSURDFKJUDGLHQWLQIRUPDWLRQRIDQLPDJHLVXVHGDVPRGHRIIHDWXUHH[WUDFWLRQWHFKQLTXH7ZR
ZD\V0HWKRGDQG0HWKRGRIH[WUDFWLQJIHDWXUHVXVLQJJUDGLHQWLQIRUPDWLRQDUHSUHVHQWHG,QERWKWKHPHWKRGV
DW DOO LPDJH SL[HOV LQLWLDOO\ D JUDGLHQW YHFWRU LV FRPSXWHG DQG WKHQ WKH LPDJH LV SDUWLWLRQHG LQWR î VXELPDJHV
EORFNV7KHQ LQHDFKVXELPDJHEORFNJUDGLHQWVWUHQJWK LVDFFXPXODWHGIRUHDFKRI³Q´GLUHFWLRQVDORQJZKLFK
JUDGLHQWGLUHFWLRQLVGLYLGHG)RU0HWKRG³Q´LVDQGIRU0HWKRG³Q´LV)LQDOO\D*DXVVLDQILOWHURIVL]Hî
LV DSSOLHG WR IXUWKHU GRZQVDPSOH WKH LPDJH WR î EORFNV IURP î EORFNV JLYLQJ D IHDWXUH YHFWRU RI
GLPHQVLRQDOLW\îîLQERWKWKHPHWKRGV 5HVWRI WKHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQFRYHUVRXU
SURSRVHG *UDGLHQW IHDWXUH H[WUDFWLRQ WHFKQLTXH 7KH H[SHULPHQWDO UHVXOWV DUH GLVFXVVHG LQ 6HFWLRQ  )LQDOO\
FRQFOXVLRQLVJLYHQLQ6HFWLRQ
2. Gradient Feature Extraction 
7KHJRDORI IHDWXUHH[WUDFWLRQ LVH[WUDFWLQJ LQIRUPDWLRQIURPUDZGDWDZKLFK LVPRVW VXLWDEOHIRUFODVVLILFDWLRQ
SXUSRVH6HOHFWLRQRIDQHIILFLHQWDQGUREXVWIHDWXUHH[WUDFWLRQPHWKRGSOD\VDYHU\LPSRUWDQWUROHLQDFKLHYLQJKLJK
UHFRJQLWLRQSHUIRUPDQFHLQFKDUDFWHUUHFRJQLWLRQV\VWHPV
'XULQJWKHOLWHUDWXUHVXUYH\ZHFDPHDFURVVWKHXVHRIGLUHFWLRQDOLQIRUPDWLRQRIFKDUDFWHUDVDPRGHRIIHDWXUH
H[WUDFWLRQ DQG IRXQGRXW WKDW WKHLU XVH\LHOGHGYHU\SURPLVLQJDFFXUDFLHV WKDW WRRYHU\HIILFLHQWO\ LQ WHUPVRI
FRPSXWLQJWLPH7KHVHGUHZRXUDWWHQWLRQWRZDUGVWKHXVHRI*UDGLHQWLQIRUPDWLRQRIVDPSOHXQGHUFRQVLGHUDWLRQDV
H[WUDFWHG IHDWXUH DQG XVH LW IXUWKHU IRU UHFRJQLWLRQ SXUSRVHV 7KLV WHFKQLTXH LV VXFFHVVIXOO\ LPSOHPHQWHG IRU
UHFRJQLWLRQ RI (QJOLVK &KLQHVH DQG -DSDQHVH FKDUDFWHUV DV ZHOO DV QXPHUDOV EXW QRW PXFK OLWHUDWXUH LV
DYDLODEOHWRZDUGVWKHLULPSOHPHQWDWLRQIRU,QGLDQ6FULSWV
 ,QWURGXFWLRQWR*UDGLHQW
7KH JUDGLHQW LV D YHFWRU TXDQWLW\ FRPSULVLQJ RI PDJQLWXGH DV ZHOO DV GLUHFWLRQDO FRPSRQHQW FRPSXWHG E\
DSSO\LQJ LWVGHULYDWLYHV LQERWKKRUL]RQWDODQGYHUWLFDOGLUHFWLRQV)RUDQ LPDJHJUDGLHQWRSHUDWRUJHQHUDWHVD'
JUDGLHQWYHFWRUDWHDFKLPDJHSRLQWVXFKWKDWLWSRLQWVLQWKHGLUHFWLRQRIODUJHVWSRVVLEOHLQWHQVLW\LQFUHDVHDQGLWV
PDJQLWXGH FRUUHVSRQGV WR WKH UDWH RI FKDQJH LQ WKDW GLUHFWLRQ )RU DQ LPDJH JUDGLHQW FDQEH FRPSXWHG HLWKHUE\
XVLQJ6REHORSHUDWRURU5REHUW]RSHUDWRURU3UHZLWWRSHUDWRU,QWKHSURSRVHGZRUNZHKDYHXVHG6REHORSHUDWRUWR
GHWHUPLQHGradient Vector [۵ܠ,۵ܡ] TZKHUHࡳ࢞DQGࡳ࢟DUHWKHKRUL]RQWDODQGYHUWLFDOJUDGLHQWFRPSRQHQWV)LJ
VKRZV WKH KRUL]RQWDO DQG YHUWLFDO PDVNV RI WKH 6REHO RSHUDWRU XVHG IRU FDOFXODWLQJ WKH KRUL]RQWDO 	 YHUWLFDO
FRPSRQHQWVRIWKHJUDGLHQW
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)LJ6REHOPDVNV
  
  
  
+RUL]RQWDO&RPSRQHQW
  
  
  
9HUWLFDO&RPSRQHQW

ሺ݅ െ ͳǡ ݆ െ ͳሻ ሺ݅ െ ͳǡ ݆ሻ ሺ݅ െ ͳǡ ݆ ൅ ͳሻ
ሺ݅ǡ ݆ െ ͳሻ ሺ݅ǡ ݆ሻ ሺ݅ǡ ݆ ൅ ͳሻ
ሺ݅ ൅ ͳǡ ݆ െ ͳሻ ሺ݅ ൅ ͳǡ ݆ሻ ሺ݅ ൅ ͳǡ ݆ ൅ ͳሻ
)LJQHLJKERUKRRGRISL[HOሺ݅ǡ ݆ሻ
*LYHQDQLQSXWLPDJH,ZLWKGLPHQVLRQV0DQG1DWHDFKSL[HOሺ݅ǡ ݆ሻǡ ݅ ൌ ͳݐ݋ܯǡ ݆ ൌ ͳݐ݋ܰDQSL[HO
QHLJKERUKRRG LV FUHDWHG ZKLFK LV WKHQ IXUWKHU FRQYROYHG ZLWK WKHVH 6REHO PDVNV WR GHWHUPLQHࡳ࢞ DQGࡳ࢟ 
UHVSHFWLYHO\ 7KH HLJKW QHLJKERUKRRG RI SL[HO ሺ݅ǡ ݆ሻ LV VKRZQ LQ )LJ  (T  UHSUHVHQWV PDWKHPDWLFDO
UHSUHVHQWDWLRQRIࡳ࢞ DQGࡳ࢟
ܩ௫ሺݔǡ ݕሻ ൌ ܫሺ݅ െ ͳǡ ݆ െ ͳሻ ൅ ʹ כ ܫሺ݅ െ ͳǡ ݆ሻ ൅ ܫሺ݅ െ ͳǡ ݆ ൅ ͳሻ െ ܫሺ݅ ൅ ͳǡ ݆ െ ͳሻ െ ʹ כ ܫሺ݅ ൅ ͳǡ ݆ሻ െ ܫሺ݅ ൅ ͳǡ ݆ ൅ ͳሻ 
ܩ௬ሺݔǡ ݕሻ ൌ ܫሺ݅ െ ͳǡ ݆ െ ͳሻ ൅ ʹ כ ܫሺ݅ǡ ݆ െ ͳሻ ൅ ܫሺ݅ ൅ ͳǡ ݆ െ ͳሻ െ ܫሺ݅ െ ͳǡ ݆ ൅ ͳሻ െ ʹ כ ܫሺ݅ǡ ݆ ൅ ͳሻ െ ܫሺ݅ ൅ ͳǡ ݆ ൅ ͳሻ 
7KH*UDGLHQW6WUHQJWKDQG'LUHFWLRQFDQEHFRPSXWHGIURPWKH*UDGLHQW9HFWRU>
୶
୷@7DV
ܩݎܽ݀݅݁݊ݐܯܽ݃݊݅ݐݑ݀݁ ൌ ȁܩሺ݅ǡ ݆ሻȁ ൌ ටሺܩ௫ሺ݅ǡ ݆ሻሻଶ ൅ ሺܩ௬ሺ݅ǡ ݆ሻሻଶ 
ݐ݄݁ݐܽሺ݅ǡ ݆ሻ ൌ ݐܽ݊ିଵ൛ܩ௬ሺ݅ǡ ݆ሻȀܩ௫ሺ݅ǡ ݆ሻൟ 
 &DOFXODWLRQRI*UDGLHQW)HDWXUHV
*UDGLHQW)HDWXUH9HFWRUXVHGLQ WKHSURSRVHGZRUNLV IRUPHGE\DFFXPXODWLQJWKHJUDGLHQWVWUHQJWKVHSDUDWHO\
DORQJ GLIIHUHQW GLUHFWLRQV 7ZR PHWKRGV DUH SURSRVHG IRU H[WUDFWLRQ RI WKLV JUDGLHQW LQIRUPDWLRQ %RWK PHWKRGV
JHQHUDWHDIHDWXUHYHFWRUFRPSULVLQJRIIHDWXUHVSHULPDJH*HQHUDWLRQRIWKLVGLPHQVLRQDOJUDGLHQWIHDWXUH
YHFWRULVH[SODLQHGEHORZXVLQJWZRPHWKRGV
Method 1: Decomposition of Gradient Vector along 8 chaincode directions 
67(3  $IWHU REWDLQLQJ JUDGLHQW YHFWRU RI HDFK SL[HO DV PHQWLRQHG LQ VHFWLRQ  HTXDWLRQV  DQG  WKH
JUDGLHQWLPDJHLVGHFRPSRVHGLQWRHLJKWGLUHFWLRQVFKDLQFRGHGLUHFWLRQVDVVKRZQLQ)LJ/HW((
(((((DQG(EHWKHHOHPHQWDU\YHFWRUVRIHDFKRIFKDLQFRGHGLUHFWLRQV7KHDQJOHUDQJH
ሼߠȁ െ ߨ ൑ ߠ ൏ ߨሽ LV GLYLGHG LQWR HLJKW HTXDO VXEUDQJHV DV VKRZQ LQ )LJ  ZKHUH
        ʌ
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)LJFKDLQFRGHGLUHFWLRQV
 
)LJHOHPHQWDU\YHFWRUVZLWK
FRUUHVSRQGLQJDQJOHDUHDV 


࡭࢏࢐ ൌ ൫૙ǡ หࢇ࢏࢐૚ หǡ หࢇ࢏࢐૛ หǡ ૙ǡ ૙ǡ ૙ǡ ૙ǡ ૙൯
)LJ'HFRPSRVLWLRQRIJUDGLHQWGLUHFWLRQ
The Directional Feature Vector of single pixel (i, j) is given by: 
࡭࢏࢐ ൌ ൫หࢇ࢏࢐૙ หǡ หࢇ࢏࢐૚ หǡ หࢇ࢏࢐૛ หǡ หࢇ࢏࢐૜ หǡ หࢇ࢏࢐૝ หǡ หࢇ࢏࢐૞ หǡ หࢇ࢏࢐૟ หǡ หࢇ࢏࢐ૠ ห൯
67(3  7KH 'LUHFWLRQDO )HDWXUH 9HFWRU RI HDFK SL[HO LV REWDLQHG E\ GHFRPSRVLQJ LWV *UDGLHQW 9HFWRU LQWR
FRPSRQHQWVDORQJWKHVHVWDQGDUGFKDLQFRGHGLUHFWLRQVVKRZQLQ)LJDQG,IDJUDGLHQWGLUHFWLRQOLHV
EHWZHHQ DQ\ WZR VWDQGDUG GLUHFWLRQV LW LV GHFRPSRVHG LQWR WZR FRPSRQHQWV DORQJ WKRVH WZR GLUHFWLRQV
UHVXOWLQJLQWRJHQHUDWLRQRIGLUHFWLRQDOIHDWXUHYHFWRU࡭࢏࢐DVVKRZQLQ)LJ=HURVLQGLUHFWLRQDOIHDWXUH
YHFWRU ࡭࢏࢐ DUH FRUUHVSRQGLQJ WR GLUHFWLRQV RWKHU WKDQ WKRVH DORQJ ZKLFK WKH JUDGLHQW YHFWRU ZDV
GHFRPSRVHG)ROORZLQJVHWVRIHTXDWLRQVUHSUHVHQWVWKHYDOXHRIJUDGLHQWYHFWRUJDWDQ\SL[HOሺ݅ǡ ݆ሻZKHQLW
OLHVLQEHWZHHQDQ\RIWZRHOHPHQWDU\YHFWRUV(((((((DQG(
ࢍሺ࢏ǡ ࢐ሻ ൌ ܽ௜௝଴ ܧͲ ൅ ܽ௜௝ଵ ܧͳǡ ܽ௜௝ଶ ൌ ܽ௜௝ଷ ൌ ܽ௜௝ସ ൌ ܽ௜௝ହ ൌ ܽ௜௝଺ ൌ ܽ௜௝଻ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺͲǡ ȳଵሻ
ൌ ܽ௜௝ଵ ܧͳ ൅ ܽ௜௝ଶ ܧʹǡ ܽ௜௝଴ ൌ ܽ௜௝ଷ ൌ ܽ௜௝ସ ൌ ܽ௜௝ହ ൌ ܽ௜௝଺ ൌ ܽ௜௝଻ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺȳଵǡ ߱ଵሻݓ݄݁ݎ݁߱ଵ ൌ ȳଵ ൅ ȳଶ
ൌ ܽ௜௝ଶ ܧʹ ൅ ܽ௜௝ଷ ܧ͵ǡ ܽ௜௝଴ ൌ ܽ௜௝ଵ ൌ ܽ௜௝ସ ൌ ܽ௜௝ହ ൌ ܽ௜௝଺ ൌ ܽ௜௝଻ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺ߱ଵǡ ߱ଶሻݓ݄݁ݎ݁߱ଶ ൌ ɘଵ ൅ ȳଷ
ൌ ܽ௜௝ଷ ܧ͵ ൅ ܽ௜௝ସ ܧͶǡ ܽ௜௝଴ ൌ ܽ௜௝ଵ ൌ ܽ௜௝ଶ ൌ ܽ௜௝ହ ൌ ܽ௜௝଺ ൌ ܽ௜௝଻ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺ߱ଶǡ ߱ଷሻݓ݄݁ݎ݁߱ଷ ൌ ɘଶ ൅ ȳସ ֜ ߱ଷ ൌ ߨ
ൌ ܽ௜௝଻ ܧ͹ ൅ ܽ௜௝଴ ܧͲǡ ܽ௜௝ଶ ൌ ܽ௜௝ଷ ൌ ܽ௜௝ସ ൌ ܽ௜௝ହ ൌ ܽ௜௝଺ ൌ ܽ௜௝ଵ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺͲǡ െȳ଴ሻ
ൌ ܽ௜௝଺ ܧ͸ ൅ ܽ௜௝଻ ܧ͹ǡ ܽ௜௝ଶ ൌ ܽ௜௝ଷ ൌ ܽ௜௝ସ ൌ ܽ௜௝ହ ൌ ܽ௜௝଴ ൌ ܽ௜௝ଵ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺെȳ଴ǡ െ߱ସሻݓ݄݁ݎ݁߱ସ ൌ ȳ଴ ൅ ȳ଻
ൌ ܽ௜௝ସ ܧͶ ൅ ܽ௜௝ହ ܧͷǡ ܽ௜௝଴ ൌ ܽ௜௝ଵ ൌ ܽ௜௝ଶ ൌ ܽ௜௝ଷ ൌ ܽ௜௝଺ ൌ ܽ௜௝଻ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺെɘସǡെ߱ହሻݓ݄݁ݎ݁߱ହ ൌ ɘସ ൅ ȳ଺
ൌ ܽ௜௝ହ ܧͷ ൅ ܽ௜௝଺ ܧ͸ǡ ܽ௜௝ଶ ൌ ܽ௜௝ଷ ൌ ܽ௜௝ସ ൌ ܽ௜௝଻ ൌ ܽ௜௝଴ ൌ ܽ௜௝ଵ ൌ Ͳǡ݂݅ס݃ሺ݅ǡ ݆ሻ א ሺെɘହǡെ߱଺ሻݓ݄݁ݎ݁߱଺ ൌ ɘହ ൅ ȳହ ֜ ߱଺ ൌ െߨ
67(37KHVDPSOHLPDJHLVWKHQGLYLGHGLQWREORFNV7KHJUDGLHQWPDJQLWXGHLVWKHQFDOFXODWHGVHSDUDWHO\LQ
HDFK EORFN DORQJ HDFK RI WKHVH  GLUHFWLRQV WR SURGXFH D IHDWXUH YHFWRU ZLWK GLPHQVLRQDOLW\  RI WKDW
EORFN)LQDOO\ DOO REWDLQHG IHDWXUH YHFWRUV FRUUHVSRQGLQJ WREORFNV DUHPHUJHG WRJHWKHU WR IRUPD
VLQJOH RYHUDOO IHDWXUH YHFWRU /HWࡿ࢘ࢉEH WKH VTXDUH DW URZ U DQG FROXPQ F9HFWRU)RI GLPHQVLRQDOLW\
îî LVGHILQHGDV
ܨ ൌ  ሼ ௥݂௖௟ ȁ݈ ൌ ͳǡʹǡ͵ǡͶǡͷǡ͸ǡ͹ǡͺǢ ݎǡ ܿ ൌ ͳǡʹǡ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ ǡͻሽ
௥݂௖௟ ൌ ෍ หܽ௜௝௟ ห
௉೔ೕאೄೝ೎
67(3,QWKLVVWHSWKHLPDJHLVIXUWKHUGRZQVDPSOHGIURPEORFNVWREORFNVXVLQJ*DXVVLDQILOWHURIVL]Hî
 E\ GRZQ VDPSOLQJ HYHU\ WZR KRUL]RQWDO DQG HYHU\ WZR YHUWLFDO EORFNV WR SURGXFH D YHFWRU ZLWK 
IHDWXUHYDOXHV6RF LVFRQGHQVHGLQWRDGLPHQVLRQDOYHFWRUGFVGUDGLHQWFHDWXUHVHFWRUZLWKD
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*DXVVLDQILOWHUW
ܹ ൌ ሼݓ௥௖ȁݎǡ ܿ ൌ െʹǡെͳǡͲǡͳǡʹሽ
ܩܨܸ ൌ ൛ݑ௫௬௟ ȁ݈ ൌ ͳǡʹǡ͵ǡͶǡͷǡ͸ǡ͹ǡͺǢ ݔǡ ݕ ൌ ͳǡʹǡ͵ǡͶǡͷൟ
ݑ௠௡௟ ൌ ෍ ෍ ݓ௥௖ ଶ݂௠ିଵା௥ǡଶ௡ିଵା௖௟
ଶ
௖ୀିଶ
ଶ
௥ୀିଶ

7KHî*DXVVLDQ)LOWHULVXVHGWRFRXQWHUWKHDOLDVLQJHIIHFWVJHQHUDWHGGXHWRGRZQVDPSOLQJSURFHVV
67(3)LQDOO\DOOWKHREWDLQHGIHDWXUHYDOXHVDUHQRUPDOL]HGE\XVLQJDYDULDEOHWUDQVIRUPDWLRQ\ [
7KLVZRUNRQ*XUPXNKL&KDUDFWHUV	1XPHUDOVXVLQJDERYHH[SODLQHG*UDGLHQW$OJRULWKPLVLQVSLUHGIURPWKH
ZRUNGRQHE\6RDXWKRUVUHIHUULQJWRWKLVDOJRULWKPPD\UHIHUWRZRUNGRQHE\IRUPRUHLQIRUPDWLRQRQ
*UDGLHQWDQGLWVLPSOHPHQWDWLRQ
Method 2: Non-Decomposition of Gradient Vector 
7KLVPHWKRG LV LQVSLUHG IURP WKH ZRUN GRQH E\ DXWKRUV LQ 7KLVPHWKRG LV DOPRVW VLPLODU WRPHWKRG  WKH
GLIIHUHQFHOLHVLQWKHIDFWWKDWKHUHLQVWHDGRIFKDLQFRGHGLUHFWLRQVGLUHFWLRQVKDYHEHHQFRQVLGHUHGDQGXQOLNH
WKHPHWKRGH[SODLQHGDERYHZHKDYHQ¶WGHFRPSRVHG*UDGLHQW'LUHFWLRQDORQJWKRVHGLUHFWLRQVUDWKHUWKHDQJOHDUHD
LQZKLFKWKHJUDGLHQWYHFWRUOLHVLQEHWZHHQWZRGLUHFWLRQVLVFRQVLGHUHGWREHSDUWRIGLUHFWLRQDOIHDWXUHYHFWRURI
WKDWSL[HODQGUHVWDOOYDOXHVFRUUHVSRQGLQJWRRWKHUDQJOHDUHDVLVWDNHQWREH
$QJOH DUHD FRUUHVSRQGV WR WKH DQJOH EHWZHHQ WZR DGMDFHQW GLUHFWLRQV )RU H[DPSOHߙǡ ߚUHSUHVHQW WZR DQJOH
DUHDVEHWZHHQGLUHFWLRQV	DQGEHWZHHQGLUHFWLRQV	UHVSHFWLYHO\DVVKRZQLQ)LJ6RFRUUHVSRQGLQJWR
GLUHFWLRQVLHIURPWRZHKDYHDQJOHDUHDVሼߠ଴ǡ ߠଵǡ ߠଶǡ ǥǥǥǥǥ ǡ ߠଷଵሽVXFKWKDWሼߠ଴ ൌ ߠଵ ൌ ߠଶ ൌ ڮ ൌ ڮ ൌ ڮ ൌ ߠଷଵ ൌ ʹߨȀ͵ʹሽ
The Directional Feature Vector of single pixel (i, j) is given by: 
࡭࢏࢐ ൌ
ۉ
ۈ
ۈ
ۇ
หࢇ࢏࢐૙ หǡ หࢇ࢏࢐૚ หǡ หࢇ࢏࢐૛ หǡ หࢇ࢏࢐૜ หǡ หࢇ࢏࢐૝ หǡ หࢇ࢏࢐૞ หǡ หࢇ࢏࢐૟ หǡ หࢇ࢏࢐ૠ หǡ
หࢇ࢏࢐ૡ หǡ หࢇ࢏࢐ૢหǡ หࢇ࢏࢐૚૙หǡ หࢇ࢏࢐૚૚หǡ หࢇ࢏࢐૚૛หǡ หࢇ࢏࢐૚૜หǡ หࢇ࢏࢐૚૝หǡ หࢇ࢏࢐૚૞หǡ
หࢇ࢏࢐૚૟หǡ หࢇ࢏࢐૚ૠหǡ หࢇ࢏࢐૚ૡหǡ หࢇ࢏࢐૚ૢหǡ หࢇ࢏࢐૛૙หǡ หࢇ࢏࢐૛૚หǡ หࢇ࢏࢐૛૛หǡ หࢇ࢏࢐૛૜หǡ
หࢇ࢏࢐૛૝หǡ หࢇ࢏࢐૛૞หǡ หࢇ࢏࢐૛૟หǡ หࢇ࢏࢐૛ૠหǡ หࢇ࢏࢐૛ૡหǡ หࢇ࢏࢐૛ૢหǡ หࢇ࢏࢐૜૙หǡ หࢇ࢏࢐૜૚ห
ی
ۋ
ۋ
ۊ
 
ZKHUHHDFKቚࢇ࢏࢐࢖ ቚǡ ࢖ א ሼ૙ǡ ૚ǡ ૛ǡ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ Ǥ ǡ ૜૚ሽFDQKDYHYDOXHHTXDOWRPRGXOXVRIJUDGLHQWYHFWRULH |g|*UDGLHQW
PDJQLWXGHGHSHQGLQJXSRQ LQZKLFKDQJOHDUHD WKH*UDGLHQW9HFWRU OLHVRU LQRWKHU WHUPV LQEHWZHHQZKLFK WZR
GLUHFWLRQV WKH JUDGLHQW YHFWRU IDOOV )RU HJ LQ )LJ  WKH JUDGLHQW YHFWRU J OLHV EHWZHHQ GLUHFWLRQ 	  VR WKH
VHFRQGFRPSRQHQWRIGLUHFWLRQDOYHFWRU࡭࢏࢐FRUUHVSRQGLQJWRDQJOHEHWZHHQGLUHFWLRQV	ZRXOGKDYHYDOXHHTXDO
WR|g|DQGUHVWDOOFRPSRQHQWVRI࡭࢏࢐ZRXOGEHHTXDOWR
6WHSVIRUFDOFXODWLQJ*UDGLHQW)HDWXUH9HFWRU*)9DUH
67(37KHJUDGLHQWGLUHFWLRQWKHWDFDOFXODWHGLQ6HFWLRQDUHTXDQWL]HGWROHYHOVZLWKʌLQWHUYDO
DQGGLUHFWLRQDOIHDWXUHVLPLODUWRZKDWH[SODLQHGDERYHLVREWDLQHGDWHDFKSL[HO
67(37KHVDPSOHLPDJHLVWKHQGLYLGHGLQWREORFNV7KHJUDGLHQWPDJQLWXGHLVWKHQFDOFXODWHGVHSDUDWHO\LQ
HDFKEORFNDORQJHDFKRIWKHVHGLUHFWLRQVWRSURGXFHDIHDWXUHYHFWRURIWKDWEORFN)LQDOO\IHDWXUH
YHFWRUVFRUUHVSRQGLQJWREORFNVDUHREWDLQHG
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
)LJ5HSUHVHQWDWLRQRIDQJOHDUHD
EHWZHHQWZRDGMDFHQWGLUHFWLRQV


)LJ5HSUHVHQWDWLRQRIGLUHFWLRQDOYHFWRU
67(36LPLODU WRZKDW LVEHHQGRQH LQ0HWKRG Dî*DXVVLDQILOWHU LVXVHG WRIXUWKHU UHGXFH WKH VSDWLDO
UHVROXWLRQ IURPEORFNV WREORFNVE\GRZQVDPSOLQJHYHU\ WZRKRUL]RQWDODQGHYHU\ WZRYHUWLFDO
EORFNV
67(3 ,Q0HWKRG  QRW RQO\ VSDWLDO UHVROXWLRQ EXW DOVR WKH GLUHFWLRQDO UHVROXWLRQ LV UHGXFHG IURP WR 
GLUHFWLRQVDQGWKHQIURPWRGLUHFWLRQVE\GRZQVDPSOLQJZLWKDZHLJKWYHFWRUV>@7DQG>
@7 UHVSHFWLYHO\ WR SURGXFH D YHFWRU ZLWK  IHDWXUH YDOXHV'LUHFWLRQDO UHVROXWLRQ LV QRW SHUIRUPHG LQ
PHWKRG
67(3)LQDOO\DOOWKHREWDLQHGIHDWXUHYDOXHVDUHQRUPDOL]HGE\XVLQJDYDULDEOHWUDQVIRUPDWLRQ\ [DVGRQH
LQ0HWKRG
7KHî*DXVVLDQILOWHUWKHZHLJKWYHFWRU>@7DQG>@7XVHGLQWKHDERYHVWHSVDUHWKHKLJKFXWILOWHUV
WRUHGXFHWKHHIIHFWRIDOLDVLQJFDXVHGGXHWRWKHGRZQVDPSOLQJVLPLODUWRZKDWLVEHHQGRQHLQPHWKRG
3. Experiments and Results 
7RWHVWWKHHIIHFWLYHQHVVRIWKHSURSRVHGIHDWXUHH[WUDFWLRQWHFKQLTXHEDVHGRQJUDGLHQWLQIRUPDWLRQH[SHULPHQWV
ZHUHFDUULHGRXWRQVHSDUDWHGDWDVHWVRI*XUPXNKLFKDUDFWHUVDQG*XUPXNKLQXPHUDOV7KHUHVSHFWLYHGDWDVHWVRI
*XUPXNKLFKDUDFWHUVDQG*XUPXNKLQXPHUDOVFRQVLVWVRIDQGVDPSOH LPDJHVHDFKRIVL]Hî 7KLV
QRUPDOL]HG VL]H RI VDPSOH LPDJHV ZDV HPSLULFDOO\ GHWHUPLQHG IRU H[SHULPHQWDO VHWXS DQG IRU VXLWDELOLW\ ZLWK
SURSRVHG IHDWXUH H[WUDFWLRQ DOJRULWKP )LJXUH  VKRZV KDQGZULWWHQ VDPSOH LPDJHV RI *XUPXNKL FKDUDFWHUV DQG
QXPHUDOV690&ODVVLILHUZLWK5%)NHUQHOKDVEHHQXVHGIRUUHFRJQLWLRQSXUSRVH7KHH[SHULPHQWDOIUDPHZRUN
XVHVIROGFURVVYDOLGDWLRQDUFKLWHFWXUH IRUFRPSXWLQJ WKH UHFRJQLWLRQDFFXUDF\ ,Q WKLV IUDPHZRUNH[SHULPHQWDO
GDWDEDVH LV GLYLGHG LQWR  HTXDO VXEVHWV DQG WHVWLQJ LV GRQH RQ HDFK VXEVHW XVLQJ WKH UHPDLQLQJ IRXU VXEVHWV IRU
WUDLQLQJ 7KH UHFRJQLWLRQ UDWHV REWDLQHG DW HDFK WHVW VXEVHWV DUH DYHUDJHG WR FDOFXODWH WKH RYHUDOO UHFRJQLWLRQ
DFFXUDF\$OOUHVXOWVDUHFRPSLOHGLQ7DEOHVZKLFKDUHGHVFULEHGEHORZ

 
)LJ+DQGZULWWHQ6DPSOHVRI*XUPXNKL6FULSW
1722   Ashutosh Aggarwal et al. /  Procedia Computer Science  46 ( 2015 )  1716 – 1723 
7DEOH5HFRJQLWLRQ5DWHVIRU*XUPXNKL&KDUDFWHUVDQG1XPHUDOV
Gradient Feature Vector Method 1 Method 2
5HFRJQLWLRQ5DWHIRU*XUPXNKL&KDUDFWHUV  
5HFRJQLWLRQ5DWHIRU*XUPXNKL1XPHUDOV  
5HFRJQLWLRQ5DWHRI*XUPXNKL&KDUDFWHUVDQG
1XPHUDOV&RPELQHGWRJHWKHU  
'LPHQVLRQDOLW\RIIHDWXUHV  
7DEOH&RPSDULVRQZLWKRWKHUH[LVWLQJVWDWHRIDUWDSSURDFKHVIRU*XUPXNKL1XPHUDOV
Method Accuracy (%)
'KDUDPYHHU6KDUPDHWDO 
8EHHND-DLQHWDO 
.DUWDU6LQJK6LGGKDUWKHWDOSURMHFWLRQKLVWRJUDP 
.DUWDU6LQJK6LGGKDUWKHWDO]RQDOGHQVLW\DQG%%' 
6XNKSUHHW6LQJKHWDO*DERU)LOWHUV 
Proposed Approach (Method 2) 99.65
7DEOH&RPSDULVRQZLWKRWKHUH[LVWLQJVWDWHRIDUWDSSURDFKHVIRU*XUPXNKLFKDUDFWHUV
Proposed By Features Used Classifier Used Accuracy Obtained
1DYHHQ*DUJHWDO 6WUXFWXUDO)HDWXUHV 1HXUDO1HWZRUN 
$QXM6KDUPDHWDO 6WURNHVUHFRJQLWLRQDQGPDWFKLQJ (ODVWLFPDWFKLQJ 
$QXM6KDUPDHWDO 6PDOOOLQHVHJPHQWV (ODVWLFPDWFKLQJ 
$QXM6KDUPDHWDO +00HOHPHQWV +LGGHQ0DUNRYPRGHO 
3XQHHW-KDMMHWDO =RQLQJGHQVLW\ 690ZLWK5%)NHUQHO 
8EHHND-DLQHWDO 3URILOHVZLGWKKHLJKWDVSHFWUDWLR 1HRFRJQLWURQ1HXUDO 1HWZRUN 
6XNKSUHHW6LQJKHWDO *DERU)LOWHUV 690ZLWK5%).HUQHO 
.DUWDU6LGGDUWKHWDO =RQLQJGHQVLW\DQG%''IHDWXUHV 690ZLWK5%)NHUQHO 
Proposed approach Gradient Features SVM with RBF kernel 97.38%
$OVRZRUNZDVH[WHQGHGWRUHFRJQL]H*XUPXNKLQXPHUDOVDQGFKDUDFWHUVFRPELQHGLQVDPHGDWDVHW7KHUHDVRQ
EHKLQG WKLVZRUN LV WKDW LQ RXU GD\ WR GD\ OLIHZKLOH UHDGLQJ VRPH ERRN RU QHZVSDSHUZH RIWHQ HQFRXQWHU VXFK
GRFXPHQWVZKLFKFRQWDLQVWH[WFRQWDLQLQJERWKFKDUDFWHUVDQGQXPHUDOVWRJHWKHU6RWKHUHFRJQLWLRQV\VWHPVKRXOG
EH HTXLSSHG ZLWK IXQFWLRQDOLW\ WR GLIIHUHQWLDWH QRW RQO\ DPRQJ YDULRXV FKDUDFWHUV RU QXPHUDOV EXW DOVR DPRQJ
FKDUDFWHUVDQGQXPHUDOVZKHQFRPELQHGWRJHWKHU,QWKLVFDVHWRRWHVWLQJZDVGRQHRQVHSDUDWHGDWDVHWFRQWDLQLQJ
*XUPXNKLFKDUDFWHUVDQGQXPHUDOVFRPELQHGWRJHWKHU7KHFRPELQHGGDWDVHWRI*XUPXNKLQXPHUDOVDQGFKDUDFWHUV
FRQVLVWVRIVDPSOHLPDJHVZKLFKDUHIRUPHGE\PHUJLQJWKH*XUPXNKL&KDUDFWHUGDWDVHWZLWK
*XUPXNKL1XPHUDOGDWDVHWLQWRDVLQJOHGDWDVHW7KHUHFRJQLWLRQUDWHVRIDQGZHUHREWDLQHGXVLQJ
0HWKRGDQG0HWKRGUHVSHFWLYHO\DVVKRZQLQ7DEOH
4. Conclusion 
&KDUDFWHU5HFRJQLWLRQILHOGLVYDVWO\HPHUJLQJILHOGZKLFKLVDWWUDFWLQJUHVHDUFKHUVDURXQGWKHJOREHWRFRQWULEXWH
DQGFRPHXSZLWKQHZLGHDVDQGLQQRYDWLRQVWRFUHDWHVXFKW\SHRIV\VWHPVWKDWFDQJLYHDFFXUDFLHVXSLQWKHUDQJH
RIIRUDOOW\SHRIGRFXPHQWVZKHWKHULWLVSULQWHGRUKDQGZULWWHQRUZKHWKHULWLVZULWWHQLQLVRODWHGPDQQHU
RU LQ FRQWLQXRXV IRUP ,Q WKLV SURSRVHG ZRUN UHFRJQLWLRQ RI KDQGZULWWHQ FKDUDFWHUV DQG QXPHUDOV RI *XUPXNKL
VFULSWKDVEHHQSHUIRUPHGXVLQJJUDGLHQWLQIRUPDWLRQDQGDQHIIRUWLVPDGHWRLPSURYHWKHDOUHDG\UHSRUWHGDFFXUDF\
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IRU*XUPXNKLODQJXDJH*UDGLHQWLVDYHU\HIIHFWLYHDQGHIILFLHQWIHDWXUHH[WUDFWRUDVLWUHTXLUHVRQO\DIHZVLPSOH
RSHUDWLRQV SHU SL[HO PDNLQJ LW DSSURSULDWH IRU UHDOWLPH UHFRJQLWLRQ DSSOLFDWLRQV ,Q WKLV SDSHU WZR PHWKRGV
0HWKRGDQG0HWKRGDUHSURSRVHG IRUH[WUDFWLQJJUDGLHQW IHDWXUHV7KHHIIHFWLYHQHVVRIERWK WKHPHWKRGV LV
WHVWHGRQWZRVHSDUDWHGDWDEDVHVRI*XUPXNKLFKDUDFWHUVDQGQXPHUDOV7KHILUVWPHWKRG0HWKRG LVIRXQGWREH
FRPSXWDWLRQDOO\IDVWHUDQGHIILFLHQWWKDQWKHRWKHURQH0HWKRG)URPWKHH[SHULPHQWDOUHVXOWVLWFDQEHVHHQWKDW
WKHSURSRVHGPHWKRGV\LHOGYHU\KLJKDQGSURPLVLQJUHVXOWVERWKIRU*XUPXNKLFKDUDFWHUVDQGQXPHUDOV
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